18 normal controls before and after lithium carbonate treatment. Normal values of T, in frontal and temporal lobes were 210 ± 10 msec . All but three patients had prelithium T, values higher than the controls (264 ± 8.8 msec). After lithium therapy of 900 mg / day for 10 days, serum lithium levels were in the therapeutic range of 0.5-1 .5 mEq / L, and patient T, values were near normal levels (208 ± 8.0 msec). One patient with a prelithium level within normal range proved to have cyclothymic disorder and not bipolar affective disorder; two patients did not complete the study. This study shows a statistically significant difference (p < 0.01) in the behavior of hydrogen protons in bipolar affective disorder, which has not previously been reported in medical literature.
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The diagnosis and treatm ent of mental illness have been hampered by the inability of physicians to directly observe th e c hem ical state of human brain tissue in vivo. This paper presents findings about the c hemistry of normal and abnormal human brain function obtain ed noninvasively and wit hout th e use of radioactive tracers through the use of nuclear magnetic resonance (NMR).
Damad ian [1] proposed NMR for tumor detection in 1971. He observed, and subsequent experiments have confirmed [2] [3] [4] [5] [6] [7] , that malignancies in general have longer proton rela xation times than corresponding normal ti ssues [8 ,9] . Th e prediction that NMR would be able to discriminate between norm al and malignant tissue was based on a comprehensive in vestig ation by Damadian of the role of sodium , potassium, and water in the origin of th e electrical activity of living tissue [10] [11] [12] [13] . According to these findings, we hypothesized that th e well known effect of lithiu m carbonate in reli eving the symptoms of manic-depressive patients might be the result of the lithium ion acting on the water structure of brain tissue in a manner analogous to its demonstrated effect on aq ueous water [10] .
In 1973, Damadian [14] showed that L, +, by virtue of its tenden cy to increase the ord ering of liquid water stru ctu re, shortened the T , relaxation tim e ( fig . 1 ) of water protons. Accordingly , if lithium we re ach ieving its effect in th e manic-depressive patient through it s power to ord er water structure and decrease th e T , re laxati on tim e, it seemed reasonable that , using the whole-body NMR scann er [15] , the shortening of the T , relaxations of water wou ld be demonstrable in the brain tissue of lithium-treated patients. Thi s paper confirm s that th eoretical expectation, and observes th at th e manicdepressive patient may have an elevated proton relaxation tim e as a c haracteri sti c bioch emi ca l alteration of thi s disease.
Subjects and Methods
All pati ents we re referred to th e Unid ad de Re sonancia Nuc lear Magnetica, Hospital Universitari o, Monterrey, Mexico , by th at in stitution 's psych iatry department. All patients we re d iagnosed as having bipolar affective disorder through c linical evaluation w ith th e use of different sc_ ales, main ly th e Researc h Di agnosti c Criteria (ROC); Di agnostic Statistica l Man ual III (DSM III), code 296.66; and Schedu le for Affecti ve Di sorders and Schi zophreni a (SADS) . Serum lith iu m levels were measured to check th at none of th e subjec ts had received this drug prior to scanning. Most patients were in th e depressive phase of their bipolar d isorder.
The patients were then scanned on a FONAR OED 8 0 wholebody NMR scann er. Th is machine permitted direc t focus in g down on specific regions of th e brain , and quantitat ive measurements of T , in th e selected ti ssue vo lumes (about 64 mm 3 ) . For purpo ses of this stud y we c hose to investigate th e frontal and temporal lobe tissues after first id entifying and locating the reg ions of interest in the c ross-sectional color im ages provided by the OED 80. The T , measurements were a 13 point discri mination of T , made by th e progressive saturation method of Free man and Hill [1 6 ], which is a standard feature of th e FONAR OED 80 dual mode who le-body scanner. Th e FONAR OED 80 operates at a frequen cy of 1.7 MHz and a mag netic field strength of 500 G.
Ei ghteen normal co ntro ls were c hosen from med ical student vo lunteers. Th ey received li thium carbonate at the same dosage as th e patients (900 mg / day for 10 days). All were subj ec ted to th e sa me battery of diagnostic tests (ROC , DSM III , and SADS).
After initial scanning, patients we re started on lith ium carbonate therapy at the dosage of 300 mg three times daily . After 10 days of treatm ent, th e battery of diagnostic psychiatri c te sts was given again to the patients, and they we re rescanned wit h th e NMR machine (table 1) . Serum li thium levels were measured and deter- Rangel-Guerra. mined to have reached the therapeutic level known to be effective (0.5-1 .5 mEq / L). The patients were positioned for all in itia l and follow-up T, measurements by mean s of the laser positioner and co mputer control bed of the FONAR QED 80, which controls bed position with an accurary of ± 1 mm . No other drug treatment was adm inistered to th e patients during the period of study .
Results Table 2 is a su mmary of the T, measurements made on th e mani c-depressive patient group (20 patients) before and after lithium th erapy . Th e ad ministration of lithium to the control group did not produce any changes in the T, relaxation time s of the water proton s of the brain (temporal lobe).
The mean T I value of all patients tested before the admin istration of lithium carbonate was 277 ± 10.5 msec . Ten days after treatment Note.-M ean T I prelithium = 277 .3 ± 10.5 msec; mean T I postlithium = 208.9 ± 6 .6 msec.
the T, had fallen to 208 .9 ± 6 .6 msec in the patient group with no significant change in the control group. The mean of the normal value in the control group was 210 ± 8 msec.
The probability that the difference in the means of the treated and untreated patients is not sig ni ficant is less than 0 .01 . Th e probability that the difference in the means of the normal group and the untreated manic-depressive group is not significant is also less than 0.01 . In the control group there was no significant difference in the mean T, value before and after lithium treatment.
All patients reported that their symptomatology improved with th e lithi um treatment. This was also shown in their profiles on th e psychiatric scales used (table 1). Cases 2 and 11 did not complete the study; case 7 proved to have cyclothymic disorder.
The control group was enlisted from med ical student-volunteers . None had previous history of any mental d isorder. Therapeutic concentrations of lithium have no psychotropic effect in a normal individual. It is not a sedative , antidepressant , or a stimulant, which separates lithium from all other psychotropic drugs [1 7] . The mechanism of action of lithium carbonate as a mood stabi lizing agent was heretofore unknown [18] .
Discussion
The reduct ion in the T, relaxation time of the water proton due to the administration of lithium may be accounted for by the physiochemical effect of this ion on water. The lithium ion is the smallest of the alkali metal ions (group 1 A), and salts of this monovalent cat ion have many similarities to salts of the physiolog ic alkali cations, sodium, and potassium . It is the effect of the alkali cation s on the structure of solvent water that is of interest here [10, 18] . Alka li cations with atomic numbers larger than sodium (i.e., potassium, rubidium , and cesium) elevate the T, of distilled water ( fig . 1 ). Sodium and lithium decrease the re laxation time of distilled wate r, and apparently increase the average time req uired for the rotation or translation of solution water molecules. K +, Rb +, and Cs + decrease th e required time of the equivalent hydrodynamic fluctuation (correlation time). The T, maximum of this in vitro study appears consistently at potassium, suggesting that potassium induces the greatest motional freedom of solution water molecules. The T , minimum at lithium suggests that this ion reduces th e motional freedom of water the most. This is in agreement with the calculation of Samoilov [19] of the energy required for a water molecule to escape from the hydration atmosphere of an ion . Water molecules in the hydration shells of lithium and sodium ions exchange less frequently than water molecules in the pure water phase. Water molecules in the hydration atmospheres of K +, Rb +, and Cs + exchange more rapidly than water molecules in bulk phase. Krestov [20] obtained similar results in his observations of the motional entropy of water in the vic inity of alkali cations and pure water. Motional entropy of water molecules in the vicinity of K +, Rb +, and Cs + was greater than that of surrounding water, whereas motional entropy of water in the vicinity of Li + and Na+ was less than that of the surrounding water.
Studies of cell water generally agree with the results of Krestov and Samoilov for simple aqueous solutions [10 , 21] . The lithium reduction of T , in brain tissue water in manic-depressive patients is consistent with the effect of this ion on aqueous solutions. The elevated water proton T, relaxation in the untreated patients further suggests a reduction in the "ordering " of ti ssue water structure in the manic-depressive state. Such a change in tissue solvent structu re could alter chemical reactions dependent on those solvents, suc h as those that require direct participation of a molecule of water in the overall reaction (e.g. , pyruvate kinase, carbonic anhydrase, an d peptidases) , as well as altering bioelectric events [13] .
As presented in the data, the manic-depressive patients have T, proton relaxation times elevated relative to normal. It is possible, therefore , that the cell water in the brains of patients with this disease has an abnormally high degree of motional freedom which is reduced toward normal by lithium treatment.
Of the 20 patients studied who were thought to be suffering from manic-depressive illness (bipolar affective disorder) 17 had clearly longer T,s than normal, and three (cases 2 , 7 , and 20) had T ,s close to normal. Case 7 had been diagnosed as the cyclothymic disorder, which is a variant of affective disorder (DSM III 30 1.13).
The identification of a tissue chemical parameter, which can be measured and quantified in a whole-body NMR Scanner and linked to a treated illness such as manic-depression , leads to the hope that NMR can also be used to reveal th e c hemical underpinnings of othe r mental disorders. For the case of manic-d epressive disorders, the T, discrimination suggests the possibility of a method for screenin g patients who would respond to lithium therapy. These findings can be used in the future as a diagnostic procedure in mental illness, to help differentiate affective disorders from schizophrenia or borderline states.
Editor 's note:
The prolongation of T, of brain tissue has been observed in areas of gliosis following surgery. The results reported by th e authors may not be unique or characteristic of bipolar affection disorder . The observations made by the authors are of g reat interest, but their significance and specificity need to be investigated further .
